The evaluation and assessment of the performance of photovoltaic (PV) cells in terms of measurable parameters requires the measurement of the current as a function of voltage, temperature, intensity, wind speed and spectrum. Most noticeable of all these parameters is the PV conversion efficiency η, defined as the maximum electrical power P max produced by the PV cell divided by the incident photon power P in which is measured with respect to standard test conditions (STC). These conditions refer to the spectrum (AM 1.5), solar radiation intensity (1000 Wm -2 ), cell temperature (25 ± 2 o C) and wind speed (2 mph). Tests under STC are carried out in the laboratory at a controlled environment. There have been several studies that analyze uncertainties in the laboratory measurement of solar cell efficiencies using different solar simulators and their transference to operational situations. Our preliminary results demonstrate that the short circuit current (I SC ) of the solar cell decreases when irradiance is less than 1000 Wm -2 irrespective of the working temperature of the cell.
INTRODUCTION
Many photovoltaic (PV) devices show a poor performance in the field i.e. mainly in actual use conditions. Degradation in their performance is due to a variation in solar insolation, nominal operating cell temperatures and other localized microclimatic conditions [1 -7] . The standard test conditions (STC) translate the irradiation of a clear summer day corresponding to 1000 Wm -2 , the cell temperature of 25 ± 2 o C representing a clear winter day and the solar spectrum (AM 1.5) for a clear spring day. These measurement conditions do not reflect real operating conditions of PV device at the site of installation in the natural environment. For the optimum design of PV power systems, it is desirable to measure their working performances at the site of installation. The objective of the present study is to investigate the performance characteristics of multicrystalline solar cells in the Brunian climate. Figure 1 is a schematic circuit diagram for the measurement of current and voltage of a solar cell. A polycrystalline (multicrystalline) solar cell was mounted horizontally on a specially designed stand and placed on the roof of the physics laboratory at Universiti Brunei Darussalam. The insolation, ambient temperature and wind speed were recorded at the time of starting and completing the experiment. The Variable Bipolar Power Supply was used for obtaining the short circuit current, I SC , open-circuit volatge, V OC , and the maximum power, P max . The cell voltage is measured by connecting a Fluke digital multimeter (73 III Multimeter) across it. The load current, which is the current generated by the solar cell and passing through the circuit was obtained by measuring the voltage across the shunt resistor (0.01 ohms) with the use of a Fluke digital multimeter (87 AV True rms Multimeter). This voltage was then converted to current. The voltage across the load resistance was measured instead of current because the available digital meters are not sensitive enough to record a small change in the current. The value of P max was calculated by multiplying voltage and load current of the solar cell.
EXPERIMENTAL PROCEDURES
The experiment was carried out once a week on every Saturday at 09:30 -10:00, 12:00 -12:30 (solar noon) and 14:30 -15:16 local standard time in the months of January, February and March 2003. Solar noon is the time when the Sun is at the zenith position and this is the time that divides the day exactly into two equal parts and maximum irradiance is obtained, as the sun is directly above the Earth's surface. The reason for conducting two tests before and after the solar noon, was to study the effect of variation in insolation and corresponding rise in temperature on the performance of the soar cell in outdoors testing.
RESULTS AND DISCUSSION
A multicrystalline silicon solar cell was mounted horizontally on a stand and placed under the sun on the roof of the Physics Laboratory of University of Brunei Darussalam. The outdoors testing of the cell was carried out once a week for a period of 3 months (January − March 2003). The test was conducted near the solar noon (corresponds to 12:00 hours local standard time) and approximately two hours before and after it. The performance of the solar cell is characterised in terms of the current-voltage (I-V) curve. The characteristics of the solar cell under study at STC are summarized in Table 1 and are compared to those obtained in the natural environment. When the voltage of the solar cell is made zero the highest current is obtained and this is known as the short-circuit current, I SC. Power is voltage times current and in this case since the voltage is zero thus the output power will also be zero. When the voltage is slowly increased, the current will stay relatively constant and this will result in the power produced increasing also. However by increasing the voltage further there will be a stage where the current will start to drop until it reaches zero, and the voltage obtained is the highest. This voltage is termed as open-circuit voltage, V OC . The power at this point is also zero as the current is zero. By plotting the P-V curve of the solar cell, it can be seen that the maximum power obtained is between the shortcircuit current and the open-circuit voltage. This peak power is called P max and it is identified by the voltage V max and current I max values. Ideally the solar cell would always operate at this point as it produces the maximum power. However, the solar radiation falling on the solar cell and the temperature of the cell always changes thus it would cause a change in the I-V curve and thus affect the P-V curve. Besides this, the amount of solar radiation falling on the solar cell and the ambient temperature were also measured. These data were used to estimate the efficiency (η) of the solar cell. The I-V curve is very useful for locating faults by checking for oddness in its shape. Then these faults can be traced and corrected. For rating purposes, however, it is necessary to transpose the measured characteristics to Standard Test Conditions (STC), which are as follows:
Cell's temperature: 25 ± 2°C
Irradiance (Solar radiation falling on the solar cell) : 1000 Wm Full I-V and P-V curves for multicrystalline solar cells under investigation at STC have not been presented due to the lack of indoor test facilities.
(* In accordance with the AM 1.5 specified in ASTM (E 1036) by Kazmerski [8] ).
The advantage of outdoor measurements in natural sunlight is that it provides the environment in which the solar cell is going to be operated, while indoor measurements with the use of a solar simulator (STC) have the advantage of offering more accurate control of irradiance level, cell temperature and spectral distribution, and better repeatability of test conditions. In this project the spectrum distribution of solar radiance and its seasonal changes were not taken into account for the correction of efficiency.
The working temperature of the solar cell (T c ) depends exclusively on the irradiance, G (in Wm -2 ) and on the ambient temperature (T a ). A set of equations was used to estimate the solar cell temperatures in open environment (Lorenzo, E; [9] , Malik and Salmi; [10] , Malik et al. [11] and Sayigh; [12] o C respectively. The amount of solar radiation falling on the solar cell was almost 35% less than that of 1000 W/m 2 , and the rise in the cell temperature was 26.1 o C compared with that at which the solar cell was tested at STC. The recorded efficiency of the cell was much higher than that compared with the efficiency measured at STC (see Table 1 The average efficiency of the polysilicon solar cell for the month of January is 19.3%. The monthly-averaged insolation was 730 W/m 2 and the average cell temperature was about 51.1 o C. All these values vary differently when compared with rating at STC. The average solar insolation was 27% less, whereas the cell temperature and efficiency were 26.1 o C and 52% more than that at STC respectively. o C compared with that at which the solar cell was tested at STC. The recorded efficiency of the cell was much higher than that compared with the efficiency measured at STC (see Table 1 ).
The minimum efficiency for the whole month of March was recorded at 14.2% on the 22nd at 09:32 -09:39 hours. The sky at that time was slightly cloudy and the solar irradiance was 900 -950 W/m 2 with the cell temperature at 61.1 o C. By comparing these two values to that at STC, the cell temperature was 36.1 o C higher while the drop in solar irradiance was 7.5%. This resulted in a slight increase of 11.8% in the efficiency of solar cell compared with that at STC.
The monthly-averaged efficiency of the solar cell is 17.9%. The average insolation and cell temperature were 852 W/m 2 and 57.5 o C respectively. The average insolation was 14.8% less, whereas the cell temperature and efficiency were 32.7 o C and 40.9% more than that at STC respectively. The change in the efficiency of the solar cell is due to its working temperature. An increase in the temperature decreases V OC very slightly while the increase in the I SC is more compared with the change in the V OC . These two effects together produce a big change in the efficiency of the solar cell.
The dependence of the working temperature of multicrystalline solar cells on , and has been investigated by many researchers at STC and in the field [13 -18] . The recent studies on the chracterisation of multicrystalline solar cells in natural sunlight carried out by the research group at University of Brunei Darussalam reported that the values of three temperature
respectively [18] . The effect of ageing on the performance of crystalline solar cells in the Bruneian climate is being investigated.
Preliminary results demonstrate that the operating temperature of the cell is one of the most important parameters affecting the solar cell power and its efficiency of conversion of sunlight into electricity. The output of the solar cell and module decreases with increase of the cell temperature. It is a function of the incident radiation as well as ambient temperature, thermal properties of cell encapsulation and the thermal effects of the mounting structure. In order to reduce the cell temperature to get near the rated value for maximum efficiency, a cost effective solution would need research for encapsulation material and cost analysis (Gonzalez and Carroll, [13] ).
Long term outdoor testing of solar cells is required to study the seasonal effects on the performance of PV solar cells. It has been observed that during a test with the present experimental set up it is difficult to accommodate any sudden and unforeseen major change(s) in the amount of solar radiation falling on the surface of solar cells. It is, therefore, desirable to improve the measurement techniques for open circuit voltage and short circuit current. This can be achieved in the future by employing an A/D converter, which is much faster in accommodating micro climatic changes.
The measurement of the operating temperature of the solar cells is another important parameter influencing the performance of these cells and it could be improved by using temperature sensors. This would help to accurately study the influence of temperature on the ratings of the solar cells.
CONCLUSIONS
The results obtained demonstrate that the output power of a polycrystalline solar cell is reduced as irradiance is reduced; the efficiency of these cells is increased as irradiance increases; and the open circuit voltage, V OC , of the solar cells decreases as the working temperature of the cell increases. But no definite correlation between them was found.
It has been noted that the short circuit current (I SC ) of the solar cell decreases when irradiance is less than 1000 Wm -2 irrespective of the working temperature of the cell. While an increase in the short circuit current (I SC ) has been observed at irradiance greater than 1000 Wm -2 .
At higher working temperatures with irradiance greater than 1000 Wm -2 an increase in the short circuit current and a reduction in open circuit voltage increases the efficiency of the polycrystalline solar cell. This result indicates that multicrystalline solar cells may be the better choice for power production in those regions of the globe having similar climatic conditions to Brunei Darussalam. The short circuit current and open circuit voltage are very complex functions of the working temperature of solar cells and of the intensity of solar radiation. In the present study no any definite dependence among these parameters has been established.
